INTRODUCTION {#S1}
============

Granulocyte (G-CSF) and granulocyte-macrophage colony-stimulating factors (GM-CSF) are commonly used to assuage haematological toxicity, predominantly in primary and secondary prophylaxis of chemotherapy-induced neutropenia and febrile neutropenia. These agents also play an important role in stem cell transplantation. G-CSFs modulate the formation of granulocytes, mostly neutrophils, whereas GM-CSFs also control the formation of macrophages and eosinophils. [@B1] Only three recombinant G-CSFs are available on the UK market: lenograstim, filgrastim and pegfilgrastim. [@B2]

In recent years, the American Society of Clinical Oncology (ASCO) and other organizations, such as the National Comprehensive Cancer Network (NCCN), the European Society of Medical Oncology (ESMO) and the European Organisation for Research and Treatment of Cancer (EORTC) have renovated or developed clinical guidelines for the use of colony-stimulating factors.

A a result, the Guy's and St. Thomas' hospital has also updated its G-CSF guidelines. Therefore, an audit was conducted with the following objectives: (a) to describe the patterns of use of G-CSF (proportion of G-CSF type and indications, and treatment duration with filgrastim), (b) to assess whether the use of G-CSF complies with audit criteria and standards developed after a comprehensive review of the recently published clinical guidelines

METHODS {#S3}
=======

Setting and study design {#S4}
------------------------

This audit retrospectively reviewed all chemotherapy patients on G-CSF within the Oncology and Haematology Service Delivery Unit (SDU) at Guy's and St. Thomas' NHS Foundation Trust (London, United Kingdom) for a period of two months (April-May 2008). Patients treated with lenograstim (non-formulary), included in clinical trials or receiving non-approved chemotherapy protocols were excluded from the study as these scenarios were not covered by the hospital guidelines. In addition, each different G-CSF course was considered an independent treatment in order to simplify the data analysis.

Data collection {#S5}
---------------

Data was retrieved from the pharmacy labelling system (JAC, Basildon, United Kingdom) (number of patients who were dispensed G-CSF and number of dispensed doses), chemotherapy front sheets, transplantation protocols and clinic letters.

Additional data from JAC (January-March 2008) were necessary to determine whether the indication for G-CSF use in some patients was primary or secondary prophylaxis.

One hundred and twenty-nine patients that were dispensed G-CSF were identified through the pharmacy labelling system. One hundred and thirteen patients met the inclusion criteria for the study. This resulted in 120 independent G-CSF treatments. However, chemotherapy front sheets could not be obtained for 16 patients, which reduced the number of valid treatments to 104 ( [Figure 1](#F1){ref-type="fig"} ). Two factors may explain these missing patient records: (a) patients were included in clinical trials and, therefore, their records were kept in a 'blind' clinical trial folder; and (b) patients were not receiving chemotherapy, thus their information was not recorded in chemotherapy front sheets.

![Selection of G-CSF treatments † included in analysis](pharmpract-08-213-g001){#F1}

A data collection *proforma* was devised based on ASCO criteria adapted from the White Blood Cell Growth Factors (CSF) Orders and Flow Sheet. [@B3] Additional data items were included based on other published audits. [@B4] - [@B9] Recently updated clinical guidelines were also used to clarify or define some concepts. [@B10] , [@B11]

In contrast with the ASCO guidelines, which do not opt for a specific G-CSF type, the hospital guidelines specifically recommend pegfilgrastim for primary and secondary prophylaxis (high risk situations, such as acute myeloid leukaemia (AML), acute lymphocytic leukaemia (ALL), myelodysplastic syndrome (MDS) and (stem cell transplantation (SCT)are considered primary prophylaxis) and filgrastim for febrile neutropenia (FN). Moreover, they differ in specifically advocating dose reductions or dose delays instead of G-CSF use in the palliative setting. [@B12] , [@B13]

Audit criteria and standards {#S6}
----------------------------

Audit criteria were developed after a comprehensive review of the recently published clinical guidelines. Additionally, the hospital recommendations on the selection of G-CSF type were considered exceptions. 100% standards were selected for all criteria:

Criterion for primary prophylaxis: considering the abovementioned high-risk situations different settings, use of pegfilgrastim following the synthesized recommendations [@B10] - [@B12] (use of filgrastim was considered an exception). [@B13]

Criterion for secondary prophylaxis: use of pegfilgrastim in the curative setting following the synthesized recommendations [@B10] - [@B12] (use of filgrastim was considered an exception). [@B13]

Criterion for adjunctive treatment of established febrile neutropenia or 'therapeutic' use: use of filgrastim following the synthesized recommendations [@B10] - [@B12] (use of pegfilgrastim was considered an exception). [@B13]

Criterion for AML, ALL and MDS: use of pegfilgrastim following the synthesized recommendations [@B10] - [@B12] (use of filgrastim was considered an exception). [@B13]

Criterion for SCT: use of G-CSF following the synthesized recommendations [@B12] (no exception was established, as the hospital transplantation protocols were being updated at the time of this study).

Statistical analysis {#S7}
--------------------

The data collected was quantitative and the statistical analysis was performed by SPSS version 16.0. Interval/ratio variables (age, G-CSF duration) were described by utilising mean and standard deviation. Nominal variables (all except for age and G-CSF duration) were described by utilising numbers and percentages. All the variables were descriptive and were measured by means of the 'frequencies' function in order to determine the prevalence of a variable.

RESULTS {#S8}
=======

The main characteristics of the study sample are described in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"} .

###### 

Sample characteristics

  ------------------------------- -------------------- ------------------
  Age                             Mean                 SD
                                  55                   13
  Gender                          Treatments (n=104)   \% of treatments
  Female Male                     67 37                64.4 35.6
  Primary tumour type                                  
  Breast                          43                   41.3
  Myeloma                         11                   10.6
  Small-cell lung cancer          8                    7.7
  Other non-Hodgkin's lymphoma    7                    6.7
  AML                             6                    5.8
  Diffuse large B-cell lymphoma   5                    4.8
  Hodgkin's disease               5                    4.8
  Germ cell                       4                    3.8
  Bladder                         3                    2.9
  Ovary                           2                    1.9
  Lung (non-specific)             2                    1.9
  Other solid cancer              2                    1.9
  Chronic lymphocytic leukaemia   2                    1.9
  Other haematological disease    3                    2.9
  Not documented                  1                    1.0
  Chemotherapy intent                                  
  Curative                        69                   66.3
  Palliative                      23                   22.1
  Not documented                  12                   11.5
  Place in therapy                                     
  Neo-adjuvant (solid)            17                   16.3
  Adjuvant (solid)                25                   24.0
  First line (solid)              7                    6.7
  *De novo (haematological)*      9                    8.7
  Refractory (haematological)     3                    2.9
  Relapse (haematological)        10                   9.6
  Not documented                  33                   31.7
  ------------------------------- -------------------- ------------------

###### 

Sample characteristics - Chemotherapy regimens received by patients on G-CSF

  ---------------------------------- ------------------------------ ------------------
  Chemotherapy regimen               Number of treatments (n=104)   \% of treatments
  Docetaxel 100 mg/m ^2^             36/104                         34.6
  Dose intense MVAC                  2/104                          1.9
  BEP                                3/104                          2.9
  RCHOP-14                           2/104                          1.9
  RCHOP-21                           3/104                          2.9
  BEAM                               2/104                          1.9
  FLAG-Ida                           4/104                          3.8
  FEC100                             3/104                          2.9
  AC                                 1/104                          1.0
  Epirubicin                         1/104                          1.0
  R-CVP                              2/104                          1.9
  Carboplatin/etoposide              9/104                          8.7
  Gemcitabine                        1/104                          1.0
  Docetaxel 75 mg/m ^2^              3/104                          2.9
  Carboplatin                        2/104                          1.9
  LMB-86                             2/104                          1.9
  ABVD                               2/104                          1.9
  ECX                                1/104                          1.0
  Carboplatin/vinorelbine            1/104                          1.0
  Gemcitabine/cisplatin              1/104                          1.0
  Int dose melphalan/dexamethasone   1/104                          1.0
  Gemcitabine/carboplatin            2/104                          1.9
  Other                              20/104                         19.2
  ---------------------------------- ------------------------------ ------------------

Abbreviations: ABVD: bleomycin, dacarbazine, doxorubicin, vinblastine; AC: doxorubicin, cyclophosphamide; BEAM: carmustine, cytarabine, etoposide, melphalan; BEP: bleomycin, etoposide, cisplatin; ECX: epirubicin, cisplatin, capecitabine; FEC: fluorouracil, epirubicin, cyclophosphamide; FLAG-Ida: G-CSF, fludarabine, cytarabine,idarubicin; LMB-86: COP, COPADM-1, COPADM-2, CYVE, maintenance, IT; R-CHOP: rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone; R-CVP: rituximab, cyclophosphamide, vincristine, prednisone.

With regard to frequency of G-CSF type, pegfilgrastim was the most prevalent agent (76/104, 73.1%).

The use of G-CSF for primary prophylaxis represents the highest percentage (57/104, 54.8%). In 40 treatments (n=104, 38.5%), primary prophylaxis was prescribed because the FN risk associated with the used chemotherapy regimen was ≥20 %. In eleven treatments (n=104, 10.6%) the decision was based on the presence of one or more risk factors for infectious complications. [Table 3](#T3){ref-type="table"} show the number of G-CSF treatments corresponding to each indication.

###### 

Indications for G-CSF use

  ------------------------------------------------------------------ -------------------- ------------------
  Indication                                                         Treatments (n=104)   \% of treatments
  *Primary prophylaxis:*                                             57/104               54.8
  \-  FN risk ≥ 20 %                                                 40/104               38.5
  \-  Dose density                                                   4/104                3.8
  \-  \> 65 y.o./diffuse aggressive lymphoma/curative chemotherapy   2/104                1.9
  \-  Higher risk for infectious complications                       11/104               10.6
  *Secondary prophylaxis*                                            15/104               14.4
  *'Therapeutic' use in FN* (adjunct to antibiotics):                10/104               9.7
  \-  High risk for infectious complications                         9/104                8.7
  \-  Prognostic factors of poor clinical outcome                    1/104                1.0
  *Adjunctive use in AML*                                            4/104                3.8
  *Adjunctive use in stem cell transplantation*                      15/104               14.4
  *Adjunctive use in myelodysplastic syndrome*                       2/104                1.9
  *Other (not in guidelines)*                                        1/104                1.0
  ------------------------------------------------------------------ -------------------- ------------------

The mean duration of filgrastim therapy in established FN (n=19) was six days (SD=4).

Compliance of G-CSF use with the audit criteria {#S9}
-----------------------------------------------

The level of compliance with the criterion for primary prophylaxis was high. In 89.5% of the cases (51/57), G-CSF (pegfilgrastim) was prescribed according to the audit criterion. Only six treatments were non-compliant. Three G-CSF treatments were given with docetaxel 75 mg/m ^2^ in breast cancer and another treatment with ABVD (doxorubicin, bleomycin, vinblastine, dacarbazine) chemotherapy in Hodgkin's disease, which are not related to FN risk ≥20%. The patients who received these treatments did not present high risk for infectious complications either. In two treatments the agent used was filgrastim. The level of compliance with the audit criterion for secondary prophylaxis was low. Only in 6.7% of the cases (1/15), G-CSF was prescribed appropriately.

A justification was found in 50.0% (5/10) of the GCSF treatments administered with a 'therapeutic' intention. Treatments with no documented risk for prognostic factors were considered unjustified.

An adherence of 50.0% (2/4) with the audit criterion was found for AML. However, the cause of nonadherence for the non-adherent to treatments was use of filgrastim instead of pegfilgrastim (given as per protocol). If these exceptions were included, the compliance would be 100%.

No treatments were administered to patients with ALL. Two treatments were administered for MDS to the same patient (one with pegfilgrastim and another with filgrastim), but none of them was adherent to the audit criterion (no severe neutropenia).

The adherence to the audit criterion was almost complete in SCT (93.3%, 14/15). G-CSF was given as recommended either in pre- or post-transplantation in most cases. Only one treatment (n=15) given before allogeneic transplant was non-adherent. 80% (12/15) of G-CSF courses were given in autologous peripheral blood progenitor cell (PBPC) transplant. Of these treatments, 41.6% (5/12) were administered after stem cell return, 33.3% (3/12) prior to stem cell return, and for the rest of cases this information was not clearly documented. 20% (3/15) of G-CSF treatments were used to support allogeneic PBPC transplant. Of these treatments, 66.6% (2/3) were given after progenitor cell infusion (see [Table 4](#T4){ref-type="table"} ).

###### 

Compliance with audit criteria

  ----------------------------------------------------- --------------- ---------- ------------------- ------------------------------------------------- ----------------------------------------
  Criterion                                             Exception       Standard   No.treatments\      Compliance                                        Data source
                                                                                   meeting criterion                                                     

  \% G-CSF as primary prophylaxis                       Filgrastim      *100 %*    51\                 89.5 %\                                           Chemotherapy front sheets\
                                                                                   (n = 57)            91.2 % (if exception included)                    Clinic letters

  \% G-CSF treatments as secondary prophylaxis          Filgrastim      *100 %*    1\                  6.7 %                                             Chemotherapy front sheets\
                                                                                   (n = 15)                                                              Clinic letters JAC from 1/1 to 31/3/08

  \% G-CSF as 'therapy' in established FN               Pegfilgrastim   *100 %*    5\                  50.0 % Chemotherapy front sheets Clinic letters   
                                                                                   (n = 10)                                                              

  \% G-CSF as adjunctive treatment of AML               Filgrastim      *100 %*    2\                  50.0 %\                                           Chemotherapy front sheets
                                                                                   (n = 4)             100.0 % (including exception)                     

  \% G-CSF as adjunctive in stem cell transplantation   None            *100 %*    14\                 93.3 % Chemotherapy front sheets\                 
                                                                                   (n = 15)            Transplantation protocols                         
  ----------------------------------------------------- --------------- ---------- ------------------- ------------------------------------------------- ----------------------------------------

Other uses of G-CSF outside hospital guidelines {#S10}
-----------------------------------------------

In particular, there was a concern in the hospital about the use of G-CSF for secondary prophylaxis in lung cancer and breast cancer (with FEC100). It was found that there was a small departure from the audit criterion: only four out of 104 G-CSF treatments (3.8%) were given for secondary prophylaxis in lung cancer. These treatments were palliative (except one, not documented). In addition, three G-CSF treatments (n = 104, 2.9%) were used for secondary prophylaxis in breast cancer patients receiving FEC100. Of these treatments, one was in line with the audit criterion (33.3% compliance).

Apart from these uses, it is worth mentioning that chronic lymphocytic leukaemia (CLL) was the only non-recommended disease-specific use (1/104, 1%). However, CLL is a lymphoid leukaemia and could be considered a lymphoma. [@B14]

Moreover, it is possible that some of the G-CSF treatments, for which chemotherapy front sheets were missing, were administered to treat non-recommended or non-approved conditions, especially haematological.

DISCUSSION {#S11}
==========

A limited number of G-CSF use reviews have been published in the literature. The number is even smaller for audits of compliance with clinical guidelines. However, three published audits may be used for comparison. [@B6] - [@B8]

In this audit, the most prevalent type of malignancy was breast cancer. All these patients were female. Despite this type of neoplasm being the most prevalent in the UK (31%) [@B15] , it is important to note that almost all breast cancer patients were included in the study due to the high FN risk associated with docetaxel.

As opposed to the general population, myeloma was the second most prevalent malignancy. This may be due to the high number of stem cell transplantation procedures with G-CSF support performed in these patients.

22.1% of G-CSF treatments were given in association with palliative chemotherapy. Although the ASCO guidelines do not distinguish between GCSF uses according to treatment intent, the hospital guidelines recommend dose reductions or dose delays instead of G-CSF use in the palliative setting. Although this hospital recommendation seems to be related to patient convenience and cost saving, it was incorporated into the criterion to evaluate the appropriateness of secondary prophylaxis.

In general, G-CSF type complies with the hospital recommendations. Pegfilgrastim was used in most cases in which G-CSF prophylaxis was prescribed. Filgrastim was reserved for 'therapy' or SCT.

Several of the most used chemotherapy regimens are associated with FN risk ≥ 20 %: docetaxel 100 mg/m ^2^ for breast cancer, FLAG-Ida (G-CSF, fludarabine, cytarabine, idarubicin) for AML, BEP (bleomycin, etoposide, cisplatin) for germ cell tumours, and dose intense MVAC (methotrexate, vinblastine, doxorubicin, cisplatin) for bladder tumours. Other regimens are administered in a 'dose-dense' fashion (R-CHOP-14-rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone) for aggressive large cell lymphoma. As a result, the use of G-CSF for primary prophylaxis was clearly the most common indication in the hospital (57/104, 54.8%). Compliance with the audit criterion was the second highest (52/57, 91.2%), only after the use of G-CSF for progenitor cell transplantation. The [audit]{.ul} by Selkirk only included G-CSF for prophylaxis or 'treatment' and primary prophylaxis was the most frequent indication (45%). However, compliance with local guidelines was low in comparison with this audit. [@B8] This low compliance may be related to the study design prior to the 2006 update of the ASCO guidelines, when the threshold for justified G-CSF use was reduced from 40 % to 20% FN risk. In the audit conducted by McBrien, the inclusion criteria was similar to that of this study, however its sample size was small (n=12) and this was probably the reason why it did not detect any indication for primary prophylaxis. [@B6]

Secondary prophylaxis was the second most common indication (15/104, 14.4%), along with adjunctive use in progenitor cell transplantation. However, its use was much lower than in the audit by McBrien, where this indication encompassed 50% of the total cases (6/12). [@B6] This indication showed the greatest departure from the audit criteria (1/15, 6.7% compliance versus 6/6, 50 % compliance [@B6] ). This overuse of G-CSF may be attributed to physicians' concerns about the outcomes of cancer treatment if neutropenia occurs.

It is important to highlight that in McBrien's audit FEC100 and docetaxel 100 mg/m ^2^ were considered a single regimen contrary to this audit. [@B6] According to the PACS 01 trial, the risk for febrile neutropenia associated with FEC-Docetaxel is 11.2%, significantly higher than the risk associated to FEC (0-8.4%), but generally lower than that of docetaxel 100 mg/m ^2^ alone (10-21%). [@B10] - [@B12] , [@B16] In Guy's and St. Thomas', G-CSF was administered once docetaxel 100 mg/m ^2^ was started, because this chemotherapy agent was considered independent of FEC100. If FEC and docetaxel had been regarded to be a single regimen, the proportion of treatments for secondary prophylaxis would have been much higher, in detriment of that for primary prophylaxis. Likewise, the compliance with the criterion for secondary prophylaxis would have been low, because G-CSF would have been given on the basis of the independent FN risk of docetaxel 100 mg/m ^2^ . Another point that needs consideration is the cost implications of this practice.

The percentage of 'therapeutic' G-CSF was 11.5% (12/104) (in comparison with 14% and 25 %). [@B6] , [@B8] In the majority of treatments, no prognostic factor of poor clinical outcome was documented. Most cases were considered to fall into the category of high risk for infectious complications (11/12, 91.6%). The adherence to the audit criterion was 41.7% (5/12) for 'therapeutic' use. Lymphoma was the most common high-risk factor (2/4, 50.0%), followed by age \>65 (1/4, 25.0%) and comorbidities (1/4, 25.0%). It is interesting to point out that compliance was 100% and 66.6% in the audits by McBrien and Selkirk, respectively. [@B6] , [@B8] In these cases, the authors gained access to patient medical notes, probably allowing them to obtain more thorough information about FN episodes.

The mean duration of 'therapeutic use' of filgrastim was six days (SD=4). This outcome measure was calculated by using the number of filgrastim vials dispensed per treatment per patient.. Rodríguez-Escobar et al also reported a mean duration of five days (range=1-21),whilst McBrien reported 16.7 days. [@B6] , [@B7]

It is possible that some of these doses of filgrastim were dispensed to patients, but not administered. Nevertheless, other studies suggest that the use of patient medical records does not provide further information. [@B4] Adjunctive use of G-CSF in AML was only detected in 3.8% of cases (4/104), none of them for 'priming'. Although the proportion of this malignancy was higher in the audit sample (6/104, 5.8%), two of the G-CSF treatments were administered in stem cell transplantation. The level of compliance with the audit criterion was 50.0%. It is necessary to note that three AML patients received FLAG-Ida as chemotherapy regimen and its protocol was not updated to recommend pegfilgrastim).

Use of myeloid growth factors in SCT was considerably frequent (15/104, 14.4%), and had the greatest level of adherence to the audit criteria in our study. Whilst the published British audits do not discuss the compliance of this indication, the Spanish audit found total compliance. [@B6] - [@B8] However, it is important to say that transplantation procedures generally follow detailed protocols that guarantee a high level of adherence.

The reliability of this audit may be influenced by the following limitations:

Restricted access to medical notesAvailability of clinic letters only for solid tumor patients.Incomplete information in chemotherapy front sheets.Impossibility of determining whether patients were receiving concurrent radiotherapy from chemotherapy front sheets (G-CSF is contraindicated with concomitant chemotherapy and radiotherapy).Method to calculate treatment duration with filgrastim

Therefore, the following recommendations should be considered in order to improve the use of G-CSF and practice-based research in the hospital:

Easier access to medical records.Appropriate completion of chemotherapy front sheets.FEC-docetaxel as one regimen for FN risk assessment.Review of guidelines to improve their comprehensiveness and clarity.Re-audit of G-CSF usage three to six months after the first group of changes have been put into practice. ^17^ This re-audit may also aim to identify the potential cost savings associated with a more appropriate G-CSF prescribing.

CONCLUSIONS {#S12}
===========

The overall compliance with the audit criteria was 72.1% (75/104). However, it is possible that some data were not documented. When documentation of an event was missing, it was considered that the event did not occur. This lack of documentation mainly affected 'therapeutic' use of G-CSF. However, it is acknowledged that medical notes may be a poor source of information. Limitations associated with missing data in the available sources were corrected by consulting the transplantation protocols, and those relating to concurrent radiotherapy and duration of filgrastim are unlikely to alter the trend of the results.

Compliance was almost complete for primary prophylaxis and stem cell transplantation, but low for secondary prophylaxis and 'therapeutic' use. The results for primary and secondary prophylaxis are probably affected by considering FEC100 and docetaxel 100 mg/m ^2^ independent regimens. The cost implications of this policy should be contemplated.
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